We present the results of deep near-infrared imaging observations of the z = 3.1 proto-cluster region in the SSA22a field taken by MOIRCS mounted on the Subaru Telescope. We observed a 21.7 arcmin 2 field to the depths of J = 24.5, H = 24.3, and K = 23.9 (5σ). We examine the distribution of the K-selected galaxies at z ∼ 3 by using the simple color cut for distant red galaxies (DRGs) as well as the photometric-redshift selection technique. The marginal density excess of DRGs and the photo-z selected objects are found around the two most luminous Lyα blobs (LABs). We investigate the correlation between the K-selected objects and the LABs, and find that several galaxies with stellar mass M * = 10 9 − 10 11 M ⊙ exist in vicinity of LABs, especially around the two most luminous ones. We also find that 7 of the 8 LABs in the field have plausible K s -band counterparts and the sum of the stellar mass possibly associated with LABs correlates with the luminosity and surface brightness of them, which implies that the origin of Lyα emission may be closely correlated with their stellar mass or their previous star formation phenomena.
Introduction
The formation history of galaxies has been extensively studied in terms of the evolution of their stellar mass (Papovich et al. 2001; Kajisawa & Yamada 2006; Verma et al. 2007; Caputi et al. 2006; Fontana et al. 2006; Arnouts et al. 2007 ). However, it is still poorly constrained how galaxies developed their stellar systems in the early universe at z > 2. While the observed stellar mass density of the galaxies shows significant and rapid growth along the time at z > 1, at least 10 % of the present-day stellar mass in the galaxies is observed at z ∼ 3 (Caputi et al. 2006; Fontana et al. 2006; Arnouts et al. 2007 ), which seems also true for the massive galaxies with M * > 10 11 M ⊙ (Caputi et al. 2006) .
Where and how were they formed? The biased galaxy formation models in a universe dominated by cold dark matter suggest that galaxy formation preferentially occurs in regions with relatively high density at the larger scale (Kauffmann et al. 1999; Cen & Ostriker 2000; Benson et al. 2001; Bower et al. 2006) . Recent results based on optical wide-field imaging reveal that high-redshift star-forming galaxies indeed show very strong clustering largely biased to the expected underlying mass distribution (e.g., Steidel et al. 1998; Adelberger et al. 1998; Ouchi et al. 2001 Ouchi et al. , 2005 , which is also true for near-infrared (NIR)-selected massive galaxies (Daddi et al. 2003; Grazian et al. 2006; Quadri et al. 2007a; Foucaud et al. 2007; Ichikawa et al. 2007 ).
At z = 2 − 3, individual large-scale high-density regions of the galaxies have also been discovered Francis et al. 2001; Hayashino et al. 2004 ). Many of these fields are, however, identified as an excess in the number density of rest-frame UV bright galaxies, such as Lyα emitters (LAEs), Lyman Break Galaxies (LBGs) or their analogues. The question is how much of the stellar mass has already formed and assembled in such high density region of star-forming galaxies at z > ∼ 2. In other words, we would like to see whether the structure traced by the star formation activity is correlated (or anticorrelated) with the structure traced by the stellar mass.
In this paper, we present the results of J-, H-and K s -band imaging of the z = 3.1 proto-cluster region in and around the SSA22 field , [Vol. , 2000 Hayashino et al. 2004 ) using Multi-Object InfraRed Camera and Spectrograph (MOIRCS) (Ichikawa et al. 2006; Suzuki et al. 2007 ) equipped with the 8.2 m Subaru Telescope . The wide field of view of MOIRCS allowed us to observe such proto-cluster regions efficiently.
The proto-cluster was first discovered by Steidel et al. (1998) as the excess of LBGs. Later wider-field and deeper narrow-band observations revealed that the overdense region of LBGs is a part of a large-scale high density structure of LAEs, which is extended over ∼ 60 Mpc in a comoving scale (Hayashino et al. 2004; Matsuda et al. 2004 ). Matsuda et al. (2005) confirmed that the structure has a three-dimensional filamentary appearance. Matsuda et al. (2004) also identified 35 Lymanα Blobs (LABs, extended, bright Lyα-emitting clouds), along this structure. The large nebulae typically have Lyα luminosity > 10 43 -10 44 ergs s −1 and physical extent 30-150 kpc. The most luminous and extended LABs are the two giant nebulae first discovered by Steidel et al. (2000) (hereafter referred as LAB1 and LAB2, following Matsuda et al. 2004) . Rather than studying the differences in their distribution from only the UV-selected galaxies, observing the star forming regions in NIR, the rest-frame optical wavelengths puts more weight in their stellar mass content, allowing us to study the mass and population of the stars associated with them. The nature of dusty star-forming objects in such high-density structure can also be examined by the NIR data.
The field observed with MOIRCS (hereafter referred as SSA22-M1) corresponds to the southern part of SSA22a (Steidel et al. 2000) and is located within the field observed by Matsuda et al. (2004) . In SSA22-M1, there are 8 LABs (Matsuda et al. 2004) , 16 LAEs (Hayashino et al. 2004) , and 17 LBGs Steidel et al. 2003b) , of which 11 are located at z = 3.1. The sample selection for LAEs is overlapped with that for LABs. While LAEs are selected by the aperture photometry of the detected sources (Hayashino et al. 2004) , LABs are selected by their isophotal area on the narrow-band image reduced with the optimum sky subtraction (Matsuda et al. 2004) . Some LABs are associated with LAEs if they have enough compact high-surface brightness cores. On the other hand, Hayashino et al. (2004) excluded the LAEs detected in LAB1 and LAB2 from their sample as they are clearly un-isolated parts of diffuse Lyα nebulae. Two of the 16 LAEs in SSA22-M1 are identified with LABs (LAB16 and LAB31, referred by Matsuda et al. 2004) .
We describe the observation and the data analysis method in section 2. The number density and the sky distribution of distant red galaxies (DRGs, Franx et al. 2003) , the result of photometric redshift analysis of the Kselected sources, and the photometric properties of LABs, LBGs, and LAEs are shown in section 3. In section 4 we discuss our results in terms of the mass assembly history in the proto-cluster. We use the cosmological parameter values Ω M = 0.3, Ω Λ = 0.7, and H 0 =70 km s −1 Mpc −1 throughout this paper. All the magnitude values are in AB system (Oke & Gunn 1983; Fukugita et al. 1996) unless explicitly noted. Tanaka et al. 2007, in preparation) . For the K s -band flat-fielding, we use on/off sets of domeflat images to avoid the thermal emission seen at the edge of the frames due to the foreground telescope structure. The median-sky for each frame is subtracted before the frames are stacked. If notable diffuse residual patterns remain after the median-sky subtraction, we further subtracted them by using the IRAF imsurfit command. We also subtract fringe patterns in each frame, if they appear, using the templates made from the images taken in the same run.
Observation and Data Analysis
The total exposure times of the final images are 3,240 s, 3,600 s, 2,235 s for J, H, K s , respectively. The effective area of the image is 21.7 arcmin 2 . The stellar image sizes are 0 ′′ .51, 0 ′′ .47, 0 ′′ .44 for J, H, K s , respectively. The limiting magnitudes are J = 24.5, H = 24.3, and K = 23.9 with 5 σ in a 1.1 ′′ diameter aperture. We calibrated our NIR data to the UKIRT photometric system (Tokunaga et al. 2002) . We convert between the Vega system to the AB system using J = J Vega + 0.95, H = H Vega + 1.39, K = K Vega + 1.85. The summary of the observations is shown in Table 1 .
For the detection and photometry, we use SExtractor (version 2.3) (Bertin & Arnouts 1996) . The objects which have more than 16 connected pixels with 1.5 σ above the background noise are selected. The J − K color is measured in a 1 ′′ .1 diameter aperture. The SExtractor MAG AUTO value is adopted as the K-band pseudo total magnitude. The K s -band image is smoothed to be matched with the PSF in J-band for J − K color measurement. The completeness in K s -band is 95% at K = 23.5 and 50 % at K = 23.9 for a point source.
We also use the optical BV Ri ′ z ′ bands data obtained by Hayashino et al. (2004) and U n -band data (Steidel et al. 2003a) 1 to estimate the photometric redshift. As the FWHM of the U n -band image is 1 ′′ .3, we smoothed the BV Ri ′ z ′ JHK s -band images to be matched and measured the colors in a 2 ′′ .6 aperture. Narrowband (NB497; 4977 A, FWHM 77Å) images used in section 3.3 are taken in Matsuda et al. (2004) .
We corrected our data for the Galactic extinction adopting the average value at the field, E(B − V ) = 0.08 (Schlegel et al. 1998) .
Results
In this section, we present the observed properties of the K-selected objects in SSA22-M1. Since we are studying the galaxies at z = 3.1, we need to apply some photometric selections to suppress the contamination of foreground/background objects. While full photometric redshift analysis is useful, it may suffer from misidentification especially for K-band faint objects because the optical data used here may not be deep enough for them to achieve high photometric accuracy. Simple color-cut method such as selecting DRGs with (J − K) Vega > 2.3 works complementary, so that we can more completely pick-up objects possibly located at z = 3.1, if they exist. We therefore first investigate the distribution of DRGs and then that of the photometric redshift (photo-z) selected sources to compare with the UV-selected objects in the field.
The Selection and Number Density of DRGs
We first focus on the distribution of DRGs in our field. DRGs are supposed to be evolved, relatively massive galaxies (M * ∼ 10 10 − 10 11 M ⊙ ) at 2 < ∼ z < ∼ 4 Förster Schreiber et al. 2004; Reddy et al. 2005; Ichikawa et al. 2007) or dusty galaxies at z > ∼ 1 (Webb et al. 2006; Conselice et al. 2007; Quadri et al. 2007b; Lane et al. 2007 ). In the analysis of the deep multicolor data obtained at GOODS-N, Kajisawa et al. (2006) found that 83% of the DRGs with 22 < K < 23.5 have the photometric redshift z > 2, while more than a half of the DRGs with K < 22 have z < 2. Thus the faint DRGs are supposed to be dominated by the galaxies at high redshift. As Marchesini et al. (2007) suggested that the global stellar mass at 2 < ∼ z < ∼ 3.5 appears to be dominated by DRGs, the number of DRGs might be a good indicator of massive galaxies at z > ∼ 2. In fact, Labbé et al. (2005) showed that DRGs dominate the high mass end of the mass function at high redshift.
We use the same criteria as in Kajisawa et al. (2006) , which corresponds to (J − K) AB > 1.4 in our photometric system. The red J −K color of DRGs is due to the Balmer or 4000Å break of galaxies at z > ∼ 2, or due to the dust extinction Reddy et al. 2005; Förster Schreiber et al. 2004 ). The color (J − K) AB > 1.4 corresponds to that of a galaxy at z = 3.1 with the stellar population age older than 200 Myr if no extinction and the solar metallicity are assumed (Bruzual & Charlot 2003) . Förster Schreiber et al. (2004) reported the median age and stellar mass for DRGs with K < 25.6 in HDF-S are 1.7 Gyr and M * = 0.8 × 10 11 M ⊙ . The K-band selected DRGs are supposed to be relatively more massive, more evolved objects than ultra-violet(UV)-selected galaxies like LBGs at the same epoch.
In Fig. 1 , we show the K versus J − K color-magnitude diagram of the K-selected objects. The objects with J − K < ∼ 0 are likely to be galactic stars. The color of the sequence coincides with that seen in the other field , which suggests that our photometric calibration is robust. The 2σ limiting magnitude in J-band is indicated by the solid line in Fig. 1 . The J-band image is deep enough to select DRGs down to K = 24.1. The distribution of the photometric redshifts for DRGs is shown in Fig. 2 . The detailed photo-z analysis is described in section 3.2. We find that 62 % of DRGs are classified as 2 < z photo < 4.
The cumulative number of DRGs in our observed field is 28 and the surface density is 1.29 arcmin −2 at K < 23.35 (or K Vega < 21.5), which is comparable with that in GOODS-N by Kajisawa et al. (2006) , 1.36 ± 0.26 arcmin −2 to the same depth. Fig. 3 compares the differential number counts for DRGs in our observed field with those in GOODS-N. Our sample is dominated by DRGs with 22 < K < 23.5, which implies most of them should be at high redshift. The completeness fraction and the 95% limit, K = 23.5, are also marked. We do not see any notable excess in the number counts in SSA22-M1 over the magnitude range.
We note that there are nine hyper extremely red objects (HEROs, Totani et al. 2001 ) with (J − K) AB > 2.1 in SSA22-M1 at K < 23.5. The surface density of HEROs at K < 23.5 is 0.41 ± 0.14 arcmin −1 which is consistent with those in SDF, HDF-S, and GOODS-N within the error Saracco et al. 2004; Kajisawa et al. 2006) .
The sky distribution of DRGs is shown in Fig. 5a , and LABs (Matsuda et al. 2004) , LAEs (Hayashino et al. 2004) , and LBGs (Steidel et al. 2003b ) are plotted in Fig. 5c . We then investigated the spatial correlation between DRGs and other UV-selected objects in the field. Fig. 6a shows the mean surface number density of DRGs as a function of a distance from LABs, LAEs, and LBGs.
First, we note that the distribution of the DRGs is weakly correlated with the sample of LABs as well as LBGs. Since the LBGs are associated with 7 of 8 LABs, it is not surprising that the similar correlations with DRGs are seen for these two populations. We also plotted the profile from the two distinctive giant LABs, namely LAB1 and LAB2 and found that the DRG density shows the notable excess within 1.0 arcmin (1.9 Mpc at z = 3.1 in comoving scale) around them. In fact, the correlation between DRGs and LABs is found to be dominated by the two objects; if we remove them from the sample, the correlation seen in Fig. 6a diminishes significantly.
As mentioned in the beginning of this section, the redshift range of the DRG criteria is broad and there may be a chance projection of interlopers at intermediate redshift. We made a simple test to see if the density excess of DRGs around LAB1 and LAB2 is significant by evaluating the probability of finding similar excess around the eight randomly placed objects. We find the similar profile [Vol. , in 592 among the 10000 trials, which gives the probability of ≈ 6% in random distribution of LAB to the observed distributions DRGs. Thus the association of LAB1/LAB2 with DRGs is marginally significant (≈ 2σ). We investigate the closer look for the K-selected objects near the eight LABs in the field in section 3.3.
We also find that there is no significant positive correlation between DRGs and LAEs, while a hint of anticorrelation is seen at ∼ 6 ′′ separation. It should be noted that there is such anti-correlation among the massive DRGs and less massive LAEs.
Photometric Redshift of the K-selected Sources
Using the U n BV Ri ′ z ′ JHK photometric data, we estimated the photometric redshift of all the K-selected sources using the HyperZ code (Bolzonella et al. 2000) . The photometric redshift method performs the SED fitting with the redshift, spectral type, age, and dust extinction as free parameters. The best fit SED with its redshift is determined from the minimum χ 2 value. The template spectrum we use are derived from GALAXEV, which is the library of evolutionary stellar population synthesis models by Bruzual & Charlot (2003) .
At z ∼ 3, the uncertainty of the photo-z is typically ∆z ∼ 0.5 (Kajisawa & Yamada 2005; Reddy et al. 2005; Cirasuolo et al. 2007; Ichikawa et al. 2007 ). Fig. 4 shows the resulting photometric redshifts versus spectroscopic redshifts obtained by previous studies (Songaila et al. 1994; Cowie et al. 1996; Steidel et al. 1999; Steidel et al. 2003b; Abraham et al. 2004; Swinbank et al. 2004; Doherty et al. 2005) . The relative errors (z photo − z sp )/(1 + z sp ) in the redshift estimation are also shown in the bottom panel of the figure. The mean of relative errors for LBGs at z ∼ 3 is −0.04 and the standard deviation is 0.08 (also see Table 3 in section 3.3). We therefore pick up the objects with 2.6 < z phot < 3.6 as the candidate galaxies at z = 3.1. We found 29 objects of which 9 are classified as DRGs and 6 are classified as LBGs. Fig. 5b shows a sky plot of the K-selected sources, similar to Fig. 5a , but for those with 2.6 < z phot < 3.6 and K < 23.5. Four LBGs associated with LABs are not appeared since they are fainter than the limit in K-band. Cross correlation with LABs, LAEs, and LBGs for this sample is also shown in Fig. 6b . We find that the association between these K-selected sources at z = 3.1 ± 0.5 and LABs, especially LAB1 and LAB2, seems significant. In contrast to DRGs, LABs excluding the two giant blobs show the association with the photo-z selected objects.
NIR Properties of the LABs
In this section, we investigate the NIR counterparts of the individual LABs. We find that the 88% of the LABs have plausible K s -band candidates. K s -band images in 25 ′′ -side box for 8 LABs are shown in Fig. 7 and Fig. 8 . The green lines indicate the N B497-band detection isophoto contours (Matsuda et al. 2004 ) and R-band sources are indicated with the red contours in the figures. LBGs in the field (Shapley et al. 2001; Steidel et al. 2003b) are also marked. Of 11 LBGs at z = 3.1, 8 are associated with LABs. Of these, SSA22a-C11 (Steidel et al. 2003 , associated with LAB1), M14 (LAB2), M4 (LAB7), C12 (LAB20), D3 (LAB30), and C4 (LAB31) are detected in the K s -band, while C6 (LAB7) and C15 (LAB8) are not.
Photometric properties of K-selected objects around LABs are summarized in Table 2 and the evaluated photometric redshift and physical properties of the candidates of z = 3.1 galaxies are presented in Table 3 . The stellar age, dust extinction, absolute magnitude, and stellar mass are derived from the SED fitting with GALAXEV (Bruzual & Charlot 2003) by assuming z = 3.1. We assume the Chabrier (2003) initial mass function (IMF), the Calzetti et al. (2000) extinction law, and a solar metallicity. The characteristic time scale is set at τ = 0, 1, 9 Gyr. The star formation timescale, the color excess, and the age are varied as free parameters and the best fit SED is determined from the minimum reduced χ 2 value. The mass-to-light ratio (M/L) V and the total absolute magnitude (L V ) derived from GALAXEV are used for calculating the stellar mass. The errors of the stellar mass indicate the confidence level of 68 %.
For LAB1, there are five K-selected sources within the Lyα nebula. LAB1-#1 and #2 are likely to be foreground objects as their photometric redshifts are z phot < 1. Steidel et al. (2000) already reported that there is the K s -band counterpart candidate with extremely red R − K color near the center of the Lyα nebula (LAB1-#3 in Fig. 7) . We find that LAB1-#3 is classified as a DRG and LAB1-#3 and #4 have 2.6 < z phot < 3.6. While their spectroscopic redshifts are still unknown, it is very likely that #4 associates the LAB as it is located right at the hole of Lyα nebulae (the right panel in Fig. 7) ; it may be an object which absorbs the Lyα emission at the redshift (Matsuda et al. 2007 ). #3 and #4 are also detected in Spitzer IRAC images in 3.6-8.0 µm (Geach et al. 2007 ; T. Webb et al. 2007 , in preparation). The K s -band counterpart of SSA22a-C11 at z = 3.109 is also detected (#5).
For LAB2, four K-selected sources are found. LAB2-#1 is classified as a DRG and it can be the counterpart of SSA22a-M14 (z = 3.091) although it is located at 0 ′′ .9 north from the R-band position as mentioned in Ohyama et al. (2003) . Probably, we see a mature or dusty part of the object in the K s -band image. LAB2-#2 is likely to be foreground objects as the photometric redshift is z phot < 1. LAB2-#4 is also classified as a DRG with extremely red color, R − K = 4.32.
In LAB7, Steidel et al. (2003b) and Shapley et al. (2001) sampled two LBGs, SSA22a-M4 (z = 3.093) and C6 (z = 3.092), whereas they are separated as three objects in BV Ri ′ z ′ -band images of Hayashino et al. (2004) . Lyα emission entirely covers the three objects. From the coordinate we may identify the north component of this lump as LBG SSA22a-M4, which is detected in our K sband image. On the other hand, other two components are not detected either in the J nor in the K s -band image.
LAB8 is located at 15 ′′ north of LAB1 and may form one large object (Matsuda et al. 2004 ). There is a LBG SSA22a-C15 (z = 3.094), which is not detected in either
LAB16 is not associated with a LBG. We find a counterpart candidate in K s -band whose R−K color is slightly redder than those of typical LBGs at z = 3.1. The photometric redshift of the object is z phot = 2.7. LAB20, 30, and 31 are associated with the LBGs SSA22a-C12 (z = 3.118), D3 (z = 3.086), and C4 (z = 3.076), respectively. The K s -band counterparts are detected for all of them.
Of the 16 LAEs, only two are detected in K s -band and they are both associated with the LABs (LAB16 and LAB31, see above). From the upper limit of their K-band flux, for the rest 14 LAEs, we estimate that their stellar masses are lower than ∼ 2 × 10 9 M ⊙ , assuming the spectrum of very young (10 6 -yr old) objects.
Discussion
We here discuss whether massive and/or mature galaxies have already formed in the cluster or proto-cluster which was characterized by the overdensity of star-forming galaxies.
There is the evidence that at least some relatively massive young galaxies (10 10 ∼ 10 11 M ⊙ ) have been formed in the proto-cluster. Fig. 6b shows that the K-selected photo-z sample exhibits an excess within a radius of 0.1-0.7 arcminutes from the LABs. This indeed suggests that LABs are related to the formation of massive galaxies (Matsuda et al. 2006 ). We also found that DRG density shows a notable excess around LAB1 and LAB2. How unique are LAB1 and LAB2 among the 35 LABs in the same structure? They are the largest and the most luminous in Lyα emission. Moreover, Matsuda et al. (2005) suggested that LAB1 and LAB2 are located at the intersection of the filamentary structure of LAEs. Our results support the picture that LAB1 and LAB2 sit near the center of the proto-cluster, where the growth of the galaxy structure occurs most preferentially and we are witnessing a stage where a significant amount of the stars is being formed in such regions.
We also investigated the stellar mass of the K-selected objects, which are expected to be associated with LABs, by assuming they are located at z = 3.1 as described in section 3.2. The result is also tabulated in Table 3 . Although the uncertainty of the stellar mass derived from the SED fitting is large, it is shown that the stellar mass of the LAB counterparts ranges from 4 × 10 9 M ⊙ to 1 × 10 11 M ⊙ . Fig. 9a shows the relation between Lyα luminosity and the integrated stellar mass of the K-selected objects which are associated with each LAB, i.e., the objects in Table  3 . Surface brightness of Lyα vs. the stellar mass is also shown in Fig. 9b . These figures suggest that the more massive galaxies are seen in the brighter LABs which have the higher surface brightness in Lyα. This result implies the origin of the Lyα emission of LABs may be related with their previous star-formation history.
Since the local or intermediate-redshift clusters are dominated by the passively-evolving old galaxies, it is worth constraining how many such passive galaxies formed at the higher redshift exist, if any, in the protocluster. In Fig. 1 we plotted the expected color-magnitude relation for the model galaxies with M V = −17 to M V = −22 at z = 0 of the Coma metallicity-sequence model (Kodama & Arimoto 1997) . It is clearly seen that few objects have color and magnitude for such passive galaxies formed at z F > 4. This result seems to be consistent with that in Kodama et al. (2007) , which reported that the bright end of the red sequence in proto-clusters around radio galaxies appeared at z ∼ 2, whereas it was not seen at z ∼ 3. Steidel et al. (2000) reported that the volume density of LBGs at z ∼ 3.1 in the SSA22a/b fields, with the comoving volume of 2.7 × 10 3 Mpc 3 in total, was 6 times higher than the average. They also evaluated the overdensity of LAEs which are typically 2 mag fainter than the LBGs in UV continuum to R = 25.5 in the SSA22a field and found a similar value. Hayashino et al. (2004) revisited the issue by using the deeper and wider-area data of LAEs. They confirmed the overdensity of ∼ 6 around SSA22a in 10 3
Mpc
3 and found the overdensity of ∼ 3 even at the ∼ 10 5 Mpc 3 volume. We try to constrain the overdensity of such population of galaxies in the proto-cluster from the observed surface number density of DRGs in SSA22-M1. To obtain the number density of DRGs in a general field at z ∼ 3, we adopt the luminosity function with φ * = 6.14 × 10
Mpc −3 mag −1 , M * = −22.63, and α = −0.46 for DRGs at 2.7 < z < 3.3 (Marchesini et al. 2007 ). Our limiting K-band magnitude corresponds to M V = −20.8 and the expected number density of DRGs above the luminosity is 5.9 × 10 −4 Mpc −3 . The volume of the proto-cluster sampled in SSA22-M1 (6 ′ × 3.5 ′ ≈ 11 Mpc × 7 Mpc in comoving scale) is 1.4 × 10 3 Mpc 3 if we assume the redshift range of z = 3.08 − 3.10, which is similar to those studied for the excess density of LBGs or LAEs. Consequently, the expected average number of DRGs in the volume of SSA22-M1 with ∆z = 0.02 is obtained to be ≈ 0.8.
We found at least three DRGs in vicinity of the two most luminous LABs ( Table 2) . As a result of the number density of DRGs, it is shown that approximately 5 DRGs at the redshift provides the similar overdensity as seen for LBGs or LAEs (≈ 6 times the average). Although the discussion is limited by the large uncertainty due to the small number of the objects, an overdensity similar to those of LBGs/LAEs is allowed if the number of the foreground/background DRGs in the field is less than ∼ 80% of that in GOODS-N (29.5 DRGs are expected).
Summary
We presented the results of our deep near-infrared imaging observations of the z = 3.1 proto-cluster in the SSA22a field taken by MOIRCS mounted on Subaru Telescope. We observed 21.7 arcmin 2 field to the depths of J = 24.5, H = 24.3 and K = 23.9 with 5σ. Our observed field covers the area where the surface number density of the LAEs is highest.
We investigated whether massive and/or mature galax-[Vol. , ies have already formed in the proto-cluster which is characterized by the overdensity of star-forming galaxies. We examined the distribution of the K-selected galaxies by using the simple color cut for DRGs as well as the photoz selection. The surface number density of DRGs with (J − K) AB > 1.4 in the field was 1.3 arcmin −2 at K < 23.4. While it was not likely that the density of DRGs have the similar excess as seen for LBGs at the volume, we found significant evidence that more than a few galaxies with the stellar mass M * = 10 9 − 10 11 M ⊙ , exist in vicinity of, or might be associated with, the LABs.
We also investigated all the K s -band counterparts which have the consistent photometric redshift not only for the LABs but also for the other objects at z = 3.1 in the field. We found that 88% of the LABs have the plausible K s -band candidates. The sum of the stellar mass of the galaxies possibly associated with LABs correlated with the luminosity and surface brightness of the LABs, which implied that the origin of Lyα emission must be closely related with the massive galaxy formation phenomena. The most luminous LABs, LAB1 and LAB2, had the K-selected counterparts with M * ∼ 10 11 M ⊙ . In addition, the marginal density excess of DRGs and the photo-z selected objects was found around the most luminous LABs, LAB1 and LAB2.
Our results suggest that LABs are related to the formation of massive galaxies and a certain amount of evolved galaxies with M * ∼ 10 11 M ⊙ are being formed in the central part of the high density region of star-forming galaxies at z = 3.1. We are witnessing a stage when significant amount of the stars are being formed in the central part of the growing large-scale proto-cluster at z = 3.1. Steidel et al. (2003a) . † The associated NIR object of M14 is located at 0 ′′ .9 apart from the peak of the rest-frame UV source. Steidel et al. (2003a) . † The redshifts of LBGs are referred from Steidel et al. (2003a) . ‡ The redshifts are assumed to be z = 3.1 when the SEDs are calculated. § The associated NIR object of M14 is located at 0 ′′ .9 apart from the peak of the rest-frame UV source. . The vertical dotted line shows the K-band completeness limit of 95 %. The detection completeness in K-band is also shown with the smaller dotted line. The mean surface number density of z phot = 2.6 − 3.6 objects with K < 23.5 around optically selected galaxies. The mean density of z phot = 2.6 − 3.6 objects in GOODS-N (Ichikawa et al. 2006 ) is also indicated with a solid line. Fig. 7 . Ks-band and narrowband (NB497; 4977Å, FWHM 77Å) images around LAB1 and LAB2 at z = 3.1 (Matsuda et al. 2004 ). The size of each panel is 25 ′′ , which corresponds to ∼ 190 kpc at z = 3.1. Each image is centered on a LAB from Matsuda et al. (2004) . The green and red contours are the isophotal levels of NB497 and R-band images, respectively. Fig. 8 . Ks-band images around LABs at z = 3.1 (Matsuda et al. 2004 ). The size of each panel is 25 ′′ , which corresponds to ∼ 190 kpc at z = 3.1. Each image is centered on a LAB from Matsuda et al. (2004) . The green and red contours are the isophotal levels of NB497 and R-band images, respectively.
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